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CHAPTER I 
INTRODUCTION 
Artificial Intelligence can be defined as the search 
for general computational models of human intelligence 
[9,21,23]. The two commercially viable sectors of Artificial 
Intelligence are the knowledge-based systems and the subset 
of these systems called expert systems [1]. 
An Expert System attempts to solve problems in 
specialized domains using the same techniques as human 
experts in a specialized field would. To be successful, an 
expert system should not only attempt to solve problems in 
its domain of expertise, but also justify its solution, 
produce explanations whenever desired, and degrade 
gracefully in face of incomplete information. 
One aim of expert systems is to emulate the human 
intelligence in a machine, based on anecdotal information 
and stored as heuristic rules. These heuristics, along with 
facts about the problem domain, constitute the knowledge 
base of the problem domain. One of the other goals of 
expert systems is to keep the knowledge about the problem 
domain (knowledge-base) separate from the inference 
mechanism. The inference mechanism, broadly speaking, is the 
way in which the rules and facts in the knowledge base are 
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used in a particular context to reach a solution (or goal). 
1.1. Heuristics in search 
Most of the problems in AI can be viewed in terms of a state 
space. Finding an optimal solution can be thought of as 
searching this space until an optimal solution state is found, if 
it exists. Usually, the problem domain is extremely large, and an 
undirected or blind search leads to combinatorial explosion [3]. 
On the other hand, the nature of many problems is such that 
there does not exist a definite procedure or algorithm that can 
produce a solution by traversing minimum or even small number of 
states. We must therefore rely on heuristics or "rules of 
thumb". Heuristic models provide information about the 
likelihood that any specific node is a better choice to try next 
than another [10]. In other words, heuristics are simply some 
rules that qualify the possibility that a search is proceeding in 
the right direction. Heuristics do not guarantee that an optimal 
solution will be found in minimal time. In fact, they do not 
guarantee a solution at all. But use of heuristics is a 
definitely better choice over a blind search, in that they reduce 
the search state space. 
There is now a theory of heuristics [21]. Much work has 
been done in AI regarding the development of heuristic 
for several of the areas and building systems that incorporate 
heuristics. 
Knowledge acquisition, one of the initial phases in the 
development of an expert system, is the process of getting these 
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heuristic rules from an expert (in the problem domain) and 
storing the information in a computer. In the development of an 
expert system, the knowledge acquisition activities are generally 
confined to the domain of expertise [21] in which the expert 
system has to solve problems. 
1.2. Knowledge Representation 
Another common underlying feature of expert systems is the 
separation of knowledge about the problem domain from the 
inference methodology. This specialized knowledge is stored in a 
knowledge base. A knowledge base differs from a database in that, 
the knowledge base contains common sense or general world 
knowledge, specialized or domain knowledge, and the context of 
interaction, in the form of rules and facts. A database, on the 
other hand, consists of only facts about the problem domain. 
Yet another common underlying feature of expert systems is 
that the knowledge representation constituting the knowledge base 
of an expert system conventionally follows the declarative form 
rather than the procedural form [21]. In other words, the 
knowledge base of an expert system consists of a collection of 
rules which are not executed sequentially ( as in procedural 
forms ) , but which 'fire' only as and when appropriate conditions 
are met. This form of declarative representation of knowledge 
permits easy understandability and maintenance besides being 
context independent. 
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1.3. Inference Mechanism 
The inference mechanism forms the brain of an expert system. 
When a problem is presented to this mechanism, it tries to arrive 
at a solution, by using the rules and facts about the problem 
domain (available in the Knowledge base), as applicable in the 
particular context. If required, it may also instantiate queries 
in order to further define the context. 
The inference mechanism may use either or both of two 
problem-solving methodologies, namely, forward chaining or 
backward chaining. In forward chaining, the inference mechanism 
works from an initial state to the goal state [6]. In backward 
chaining, it works from a defined goal state towards a solution 
state which satisfies the goal state. 
The inference mechanism usually brings with it the ability 
to backtrack and try other alternatives. When a particular 
search path turns out to be unsuccessful in the search of the 
goal, it retraces it's path to a point where it can take a 
different search path, if such a path exists. Many shells are 
commercially available in the market today. They may use forward 
chaining or backward chaining or implement both to afford 
flexibility. Some of the commercially available shells are 
exPERT, VP-EXPERT, Knowledge-Pro, etc .• Choice of a shell 
generally depends on the application, constraints on portability, 
and interface with other higher level procedural languages. 
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1.4. Simulation 
According to Herbert Maisel et al, " Simulation is a 
numerical technique for conducting experiments on a digital 
computer, which involves certain types of mathematical and 
logical models that describe the behavior of a system over an 
extended period of time."[ll]. 
Simulation employs various representations in order to model 
some aspect of an uncertain world, with the model being formed as 
a piece of computer software. Simulation model assumes that we 
can describe a system in terms acceptable to computer system. In 
order that a system is acceptable, a clear system state 
description is required. This allows a system to be 
characterized by a set of variables and each combination of 
variable values represents a unique state or condition of the 
system. With these representations, manipulation of variable 
values simulates movement of the system from state to state [19). 
So some well defined operating rules are required to observe the 
dynamic behavior of a model, when the above said variable values 
are changed. In this way simulation models can be used for 
design, procedural analysis, and performance assessment. 
Changes in the state of a system can occur continuously over 
time or at discrete instants of time [25,26]. Accordingly, 
simulation is classified into discrete simulation and continuous 
simulation. In discrete simulation, dependent variables change 
discretely at specified points in simulated time, referred to as 
event times [22]. In continuous simulation, the dependent 
variables of the model may change continuously over simulated 
5 
time. 
In the present work a simulation package developed by 
Nofziger et.al [8], called CHEMRANK is used. CHEMRANK simulation 
is used to predict the environmental impact of the herbicides 
used to control the weds in fields. 
1.5. Review of previous work 
Though several researchers are working on the area of 
Artificial Intelligence applications in different fields, it is 
only recently that an effort was made to combine the functions of 
expert systems and simulation. One such successful attempt is an 
application of expert systems to simulation software [24]. In 
this application, a simulation program called Air Combat 
Evaluation Machine (ACEM) was used [24]. This program was 
primarily designed for analyzing avionics systems on airborne 
interceptors engaged in air-to-air combat. A user interface was 
designed and implemented for the ACEM tactics expert system. 
Knowledge-based systems can be used as an intelligent 
front-end or back-end systems [2]. In front-end systems, 
knowledge base systemp have been integrated into applications to 
remove the burden of syntax and format and [2] apply domain-
specific knowledge to request user information. In some cases, 
these front-end systems can provide best guesses when the user is 
unable to provide required input. In case of backend systems, 
the output of a simulation model is interpreted by the system. 
Used in this way, knowledge-based systems can decipher the 
results of simulation and apply them to a user-specific 
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situation. 
Though the work done so far in this field stresses mostly 
the different ways of integrating the knowledge-based systems 
with simulation, not much work has been done on the human factors 
involved in the design [10]. The evaluation of the user 
interface of an interactive system was first attempted by Ben 
Shneiderman[lO]. The author presents design issues, offers 
experimental evidence, and makes reasonable recommendations. 
Accommodating human diversity is a design issue; For example, a 
right-handed male designer with computer training and a desire 
for rapid interaction using densely packed screens may have a 
hard time developing a successful workstation for left-handed 
women artists with a more leisurely and free-form work style. 
Understanding the physical, intellectual, and personality 
differences among use~s is vital. 
Work has been carried out to create various systems 
with simulation models and other conventional tools as applied to 
agriculture [2]. This work also explains why several existing 
simuiation models cannot be used to their full potential. Though 
simulation models can provide a better understanding of a real 
world system, it is not always possible to present parameters 
precisely to such models, because they cannot be precisely 
measured [2]. 
1.6. Objective and scope of the present study 
In the present work, an attempt was made to integrate a 
simulation model and an expert system with an application in 
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agriculture. The simulation package called "CHEMRANK" was used, 
which ranks chemicals on the basis of their groundwater polluting 
potential [8]. An expert system was developed to help users 
select herbicides for controlling weeds attacking the user's 
crops. These herbicides were sel·ected based on both economical 
and environmental considerations. The exPERT shell was used for 
developing the expert system, which also interfaced with 
CHEMRANK. 
The key design issues considered were portability for 
different architecture, easy future development. 
1.7. outline of the thesis 
Chapter II presents the features of the exPERT shell used 
for the development of the expert system, and presents it's 
merits. In Chapter III, the theory and equations behind the 
present work are presented. The implementation details are also 
discussed in this chapter. In Chapter IV, the working of this 
expert system is presented. Finally, the conclusions, the 
limitations, and scope for future work are outlined. 
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CHAPTER II 
A PERSPECTIVE OF EXPERT SYSTEMS 
AND SIMULATION 
2.1. Introduction 
In this chapter a discussion is carried out about how 
experts system and simulation can be used to increase the 
efficiency of the analysis carried out on any selected 
problems. The discussion is carried out in four sections. 
The first part is in sections 2.2 through 2.6. In 
these sections, and explanation of the techniques of 
simulation and the similarities and differences between the 
expert systems and simulation is given, and an analysis of 
the advantages gained by combining simulation and Knowledge 
Based Expert System (KBES) is made. It is this concept of 
combination that is employed in the present research to 
upgrade the analysis. 
The second part of the discussion begins in section 
2.7. In that section advantages of using expert systems and 
simulation are explained. The different methods of 
construction and execution of the model, type of data used, 
analysis of the results, etc., are presented. Section 2.8 
explains different methods of combining simulation and 
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expert systems. 
Finally, in sections 2.9 and 2.10, discussions are 
carried out to justify the combination of the expert systems 
and simulation. The combination of these two is observed to 
produce good results [30]. The combination is basically 
achieved by introducing knowledge data base to simulation 
systems. The combination is referred to as the "Knowledge 
Based Simulation Systems (KBSS)". By using knowledge based 
simulation, the goal to a specific problem may be reached at 
a faster rate. This is due to the fact that in a KBES the 
decisive statements not only give the user optional 
facilities, but also they follow a defined paths based on 
certain heuristics to reach a goal state. On the other 
hand, in a simulation system, the ambiguity of whether a 
model behaves in a predicted 'manner prevails. 
In order to make a comparative study between expert 
systems and simulation systems it is necessary to make a 
brief study on simulation systems and expert systems. 
2.2. Simulation concepts 
In Chapter I, a brief, general description of the 
simulation is presented. This section presents different 
techniques of simulation. 
In its broadest sense, computer simulation is the 
process of designing a mathematical/logical model of a real 
system and experimenting with this model on a computer. If a 
real system can be characterized by a set of variables, with 
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each combination of variables representing a unique state or 
condition of the system, the manipulation of the variable 
values simulates movement of the system from state to state. 
A simulation experiment involves observing the dynamic 
behavior of a model moving from state to state in accordance 
with well-defined operating rules designed into the model. 
Changes in the state of a system can occur continuously 
over time or at discrete instants in time. The discrete 
instants can be established deterministically or 
stochastically depending on the nature of model inputs. 
More detailed aspects of different techniques of simulation 
can be obtained from [19,26,30,31,32]. 
The nature in which the dependent variables change can 
be deterministic or stochastic [19]. For example, consider 
the simulation of the path traced by a fighter aircraft, 
when it sights a bomber [19]. In order to pursue the 
bomber, the path traced by the bomber has to be followed by 
the fighter aircraft. The fighter aircraft has to change 
its path continuously. The problem is continuous in the 
sense that changes in the fighter's dependent variable 
(i.e., its direction of flight) occurs continuously with 
time [19]. 
Similarly, consider the simulation of a bank teller 
[19]. customers arrive at the bank and wait for service by 
a teller. If all tellers are busy, the customers wait in a 
queue. When a teller becomes available, a customer from the 
queue is serviced. After being serviced, a customer departs 
from the system. Customers arriving to the system when the 
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teller is busy, wait in a single queue in front of the 
teller. The total time that a customer spends in the system 
(which is the sum of the arrival time, time in the queue, 
and the service time) depends upon the number of customers 
in the queue and the teller status. Since the number of 
customers in the queue and the teller status vary discretely 
with respect to time, the above example is considered to be 
discrete in nature. 
In the example of the fighter aircraft, a dependent 
variable is the path followed by the aircraft. In order to 
pursue the bomber, the aircraft has to follow a definite 
path, so its direction changes continuously. Since the path 
followed is predetermined, its direction is deterministic in 
nature. 
However, in the example of a bank teller, the dependent 
variables are the number of customers in the queue at any 
given time and the teller status. Since the arrival rate 
and the service rate of customers cannot be predetermined, 
changes in the dependent variables (number of customers and 
teller status) are stochastic in nature. 
In most simulations, time is the major independent 
variable. Other variables included in these simulations are 
functions of time and are dependent variables. The 
adjectives discrete and continuous when modifying simulation 
refer to the behavior of the independent variables. 
Discrete simulation occurs when dependent variables 
change discretely only at specified points in simulated time 
referred to as event times. The time variable may be either 
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continuous or discrete in such a model, depending on whether 
the discrete changes in the dependent variable can occur at 
any point in time or only at specified points. In general 
the values of the dependent variables for discrete models do 
not change between event times. A typical response of a 
discrete simulation is given in figure.2.1a. 
In continuous simulation the dependent variables of the 
model may change continuously over simulated time. A 
continuous model may be either continuous or discrete in 
time, depending on whether the values of the dependent 
variables are available at any point in simulated time or 
only at specified points in simulated time. A typical 
response of a continuous systems simulation is depicted in 
figure.2.1b. 
In combined simulation, the dependent variables of a 
model may change discretely, continuously, or continuously 
with discrete jumps superimposed. The time variable may be 
continuous or discrete. The most important aspect of 
combined simulation arises from the interaction between 
discretely and continuously changing variables. Figure.2.1c 
represents a typical response of a continuous simulation 
with discrete time steps. This implies that it is possible 
to have a continuous simulation with discrete time events. 
2 .• 3. A Perspective of Expert System 
As discussed in chapter I, expert systems are those 
systems that attempt to duplicate or imitate the results of 
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variable- (number of customers to be serviced 
and bank teller status.) 
I 
time 
I L 
event times 
Figure.2.la. A typical response of a discrete simulation. 
Event times correspond to the time at which 
customers arrive to the system and depart 
from the system in a bank teller example. 
dependent 
variable- (path followed by the fighter aircraft.) 
time 
Figure.2.1b. A typical response of a continuous 
simulation. Value of the dependent variables 
may change at any point in the simulated 
time. The path followed by the fighter air 
craft is available at any instant of time. 
dependent variable 
I I I I time 
'I I I 
Figure.2.1c. A typical response of a continuos simulation 
using discrete time steps. 
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applying learned skills or expertise without concern for 
whether the processes matches those used by a human expert 
[1]. Expert or knowledge-based systems are designed to 
aggregate the experience of any number of human experts in a 
given field in a series of rules. These rules are then used 
to draw inferences and suggest to the user a course of 
action to deal with a given problem. 
A rule is uaually a clause that contains an implication 
and atmost a single conclusion [1]. The literals (a literal 
is a predicate or inverse of a predicate) to the left of the 
implication sign are called the antecedents, and the 
literals to the right are called the conclusion. Sometimes 
the conclusion is an action or a suggestion. The rules are 
expressed as: 
IF antecedent THEN conclusion. 
In a typical expert system, knowledge is organized into 
three categories. 
(1} A global data base provides the input data (that is the 
declarative knowledge) defining the particular 
problem and which keeps track of the current solution 
status or situation. 
(2) A knowledge base which describes the expert facts and 
heuristics associated with the general problem domain. 
It is this main knowledge that takes form of rules. 
(3} A control or inference structure which defines the 
problem solving approach or how the data and knowledge 
can be used to solve the problem. 
At the control level the computer program makes 
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decisions about·what question is to be answered and what 
control strategy to use. A control strategy is a function 
of the problem to be solved and several approaches can be 
used including: 
- Forward chaining: if the solution starts from an initial 
set of data and conditions (the existing global data 
base) and moves toward some goal or conclusion, it is 
called model, data, event or antecedent driven. For 
example, consider the following two rules: 
RULE 2: IF patient P suffers from disease type A 
AND patient P exhibits symptom z 
THEN patient P suffers from disease type B. 
RULE 1: IF patient P exhibits symptoms X AND Y 
THEN patient P suffers from disease type A 
Forward chaining starts with the antecedents of a rule 
say, RULE 1 and attempts to establish if RULE 1 is TRUE 
(i.e., it moves forward through a rule.). Thus, 
if patient P suffers symptoms X andY, then 
it is recorded that patient P suffers from disease 
type A. 
Rules that have disease A in their antecedent are 
examined next, say RULE 1, and the truths of the associated 
predicate, say Z, are determined. 
- Backward chaining: if the desired conclusion or goal 
state is already known, but the path to that conclusion 
is not known, then working backward is called for and 
the model is said to be goal or expectation driven. 
Considering the rules given in the example for forward 
chaining, backward chaining starts with a proposed 
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conclusion, say disease B, and finds a rule that has just 
this conclusion, say RULE 1. The truth of the antecedent is 
established by first finding rules that have elements of the 
antecedent as conclusions, say RULE 2, and then 
determining if the antecedents of those rules are true. 
It is possible that an expert system control structure 
uses forward chaining, backward chaining, or a combination 
of both in reaching the goal state. However, the use of 
these approache~ depends mainly on the type of problem under 
consideration. 
The basic idea of this section is to highlight the 
advantages gained in combining expert system and simulation 
systems. In order to analyze the combination of the two, it 
is necessary to understand the similarities and the 
differences present in the two approaches. 
The next section presents a description about the 
similarities between the expert system and simulation. 
2.4. Similarities between Expert System 
and Simulation 
Expert systems and simulations have many similarities. 
Both individually facilitate the user to achieve accuracy 
and expertise in reaching a particular goal. 
Simulation languages and simulation models contain many 
of the ideas being used in AI; Some examples are: the 
ability of entities to store knowledge that describes their 
characteristics in FRAMES (FRAMES are the data structures) , 
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to dynamically modify flow of entities through the system, 
to change the system based upon state variables (PATTERN 
INVOKED PROGRAMS), and to represent knowledge about the 
system in the form of a network [31]. 
Both, simulation and expert systems analyze expertise 
in a stepwise manner providing a set of rules. These rules 
facilitate a layman to achieve the expertise. 
For example, consider a game of chess. In order to 
achieve expertise in the movements of pawns in this game an 
expert system or simulation based system can be employed. 
The various types of moves of pawns can be represented as 
rules and entered into the computer one by one. These rules 
facilitate a layman(who may not be aware of the moves) to 
achieve expertise in the movements of pawns. 
Both, in simulation and in expert systems, an 
approximated knowledge of the consequence of an activity 
processed in real-world situations can be achieved. In 
simulation, an approximated prototype of the original is 
employed. This prototype is subjected to several 
constraints in order to obtain an idea of the behavior of 
the original subjected to the same constraints. 
In a KBES, however, although no prototype is employed; 
the geometry and the behavior of the approximated prototype 
is fed into the computer as data. This data is subjected to 
specified constraints and gives the result of subjecting the 
process to the constraints. 
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2.5. Differences between Simulation Systems 
and Expert systems 
Even though both KBES and simulation models are 
concerned with the same issue - assisting humans in dealing 
with complex systems- they are markedly different in the way 
they function. This section explains the differences between 
an expert system and simulation systems. A KBES provides a 
prescription, a simulation model provides a prediction. Put 
another way, given a goal a KBES suggests a course of 
action, while a simulation model predicts the consequences 
of a selected course of action under some conditions. Also, 
a KBES may provide a rationale or an explanation for the 
suggested course of action. 
However, construction of the model for these complex 
systems follow different paths. Many simulation systems 
follow an iterative approach in solving problems. In such an 
approach, a model is designed, inputs to the model are 
decided, and the experiment are run. Then, a second set of 
inputs is decided and experiments are run again, and so on. 
Given a problem, many of the current simulation systems 
cannot decide upon an appropriate model (presuming that all 
classes of possible acceptable models are defined) nor do 
they aid in deciding how to exercise it to find an answer to 
our problem. 
An AI-based system follows a totally different 
approach. Knowledge about the system (especially the 
description of the objects), is incorporated as data into 
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result to be obtained by the system) is defined in the 
computer program. The strategy to be used by the system to 
reach the goal is fed as knowledge into the computer. This 
knowledge is defined for a class of possible andjor 
acceptable models. It is the responsibility of the expert 
system to automatically find a model that fulfills the 
desired specifications and to execute an appropriate search 
to obtain the desired solution. 
Second, in an AI-based system the data base, knowledge 
base and control structure should be separated so that each 
can be modified easily without affecting the other. Most 
simulation models have integrated information and control 
much like a conventional program. In an integrated form, 
the information and control are dependent upon each other. 
A third difference is in the nature of the data base. 
Traditional data base systems require formally defined data 
structures and operations performed on static (at the time 
of data processing) data bases. This is a very rigid 
process that is not easily changed as requirements change. 
In contrast, the structure of an AI-data base system 
allows an additional type of data to be collected and used. 
This data is symbolic, represents knowledge of facts, 
judgement, rules, intuition, and experience (heuristic 
knowledge) about a narrow problem area [26]. Heuristic data 
provides the rules of relationship between the elements of 
the traditional data in the data base and can be easily 
added or modified. Simulation based systems exhibit direct 
connectivity of data elements during the simulation process. 
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On the other hand, AI systems do not depend on showing the 
direct connectivity of data elements in the knowledge base. 
This allows the system to use different processes (known as 
the inference mechanism), to evaluate the knowledge base, 
interpret the data in the knowledge base, perform logical 
deductions and modify the knowledge base to derive 
information about the subject. 
2.6. Characteristics of KBES and Simulation 
Following are some of the characteristics of 
conventional simulations. 
* They are numeric; 
* The solution steps employed in solving a simulation based 
system module are highly specific and explicit. In other 
words they are algorithmic. The algorithm is not 
subjected to many decisive statements. They possess a 
sequential behavior. 
* In simulation based system modules the data structure and 
the control structure are combined together, i.e., the 
information about an object and the strategy employed in 
solving the problem are both present in an integrated 
form. 
*Models cannot do anything which is not preplanned (i.e., 
user must instruct the operation of the program) . 
An AI-based expert system on the other hand would 
exhibit the following characteristics. 
* They can have symbolic processes. 
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* They can use pattern invoked search (solution steps are 
not explicit). 
* They can have a command structure separate from knowledge 
domain. 
* They can have all the expertise possible built into the 
model so that decisions by user would be minimized. 
* They can have a model that would be able to learn from its 
own experience and modify itself as needed. In general, 
AI system cannot do this yet although it is theoretically 
possible. 
2.7. Advantages of combining Expert systems 
and Simulation 
The following example gives some of the practical 
aspects achieved in combining expert systems and simulation. 
Consider, a human teaching assistant who is made 
available to students outside of class as a resource to aid 
in solving assignments. The syntactic and many of the 
semantic errors made by students in a simulation language 
can be corrected by an interactive modelling facility. 
However, the logical errors made by students are difficult 
to detect and correct. The teaching assistant is employed to 
detect logical errors. He or she would be a person who has 
taken and passed that course. One of the problems 
associated with the use of student teaching assistants is 
the loss of expertise realized when they leave. A teaching 
assistant may spend semesters learning to provide support 
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assistant may spend semesters learning to provide support 
for a particular course. When he or she leaves the 
knowledge base he or she has accumulated is lost. A new 
teaching assistant then begins the development process 
again, typically rebuilding the knowledge base from the 
scratch and forming his own teaching philosophy toward 
problem solving. Consequently the quality of support 
provided suffers while the expertise is being acquired. In 
some courses an entire semester may be needed before a 
teaching assistant has achieved a fully acceptable level of 
competence. 
In order to overcome this problem, a knowledge based 
simulation system could be used. In a KBSS, knowledge is 
introduced into simulation. In addition to debugging syntax 
errors, the KBSS could also contain knowledge to eliminate 
logical errors. This allows a means of capturing and 
retaining the expertise acquired by the teaching assistants 
in a permanent form. Also, it would make the accumulated 
knowledge readily available in useful form to the new 
teaching assistants and to students. 
Generally, a simulation model contains different 
numerical models, while the knowledge base contains the 
semantic information necessary for the use of these models. 
Introducing knowledge base into a simulation model results 
in the following advantages: 
- Accumulating knowledge into a separate component makes it 
easier to update the same when needed. 
- The knowledge base provides logical information about the 
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system, whereas distinct numeric models incorporate time 
dependent knowledge, described in algorithmic form. 
The former supports the selection of problem-specific 
modelling methodologies. 
- In a knowledge based simulation model, the user does not 
see the numerical aspects and the detailed conditions 
which guide their use. The knowledge base hides 
these detail and presents a compact semantic description 
to the user. The following section explains different 
ways of combining the expert systems and simulation. 
2.8. combining Simulation and Expert systems 
Combining expert system concepts with traditional 
simulation methodologies yields a powerful design support 
tool known as knowledge based simulation [31]. This approach 
turns a descriptive simulation tool into a perspective tool, 
one which recommends specific goals [31]. Ideally a KBSS 
system should: 
* Accept a description of the problem and synthesize a 
simulation model by consulting an appropriate knowledge 
base. 
* Accept a goal in the form of a set of expectations or 
constraints, select a model at an appropriate level of 
abstraction, determine the performance metrics, generate 
a search space of possible scenarios, execute the 
simulation model by controlled selection of scenarios, 
and finally recommend a scenario that satisfies the 
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stated goal [19]. 
* Explain the rationale behind why only certain scenarios 
have been explored and why it recommends a particular 
scenario. 
* Learn from experience and disclose its behavior (perhaps 
by displaying significant events and what led to those 
events) . 
*Display the resultant model (i.e., one built by KBS) with 
a high degree of accuracy to increase user confidence. 
Figure 2.2 shows a taxonomy for combining simulation and 
expert systems. 
Perhaps the most obvious way in which the two can be 
combined is by embedding one within the other figures 2.2a 
2.2b. It is arguable that many simulation models already 
use knowledge, as opposed to data. For instance, a queue 
priority rule is knowledge [29]. It may be pertinent to 
keep such rules in a knowledge base, rather than embedded in 
code. It may be necessary to embed a simulation within an 
expert system for two reasons. First, the expert system may 
need to run a simulation to obtain some results for the 
user. 
Second, and more important, the expert system may use 
one or more time-dependent variables, and thus need a 
simulation. 
Simulations and expert systems that are designed, 
developed, and implemented as separate software, in 
parallel, may interact [31]. A simulation model could 
interrogate an expert system (figure 2.2c). This may be 
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useful where a simulation is developed for a complex system, 
and an expert system already exists for part of the decision 
making within that system. The simulation can then access 
this, rather than mimic or encode the decision rules. 
Expert systems that execute and use the results from 
simulations (figure 2.2d) are of increasing interest to 
knowledge engineers. In addition to testing an expert 
system on a user or a real environment, the expert system 
can be tested on a simulation. Not only is development time 
reduced, but also testing can be more comprehensive. 
Further if the simulation is a valid model, then an expert 
system that adequately controls or responds to the 
simulation is, perhaps valid itself. Application domains 
where this approach may be useful include real-time process 
control, where an expert system developed to ultimately 
control the process can be tested on a continuous simulation 
of that process. In figures 2.2a through 2.2d the user of 
the main tool does not have direct access to the other. 
However, in many instances both expert system and simulation 
will be used together to do some task(see figure 2.2e). 
They may share data; in effect, the simulation and expert 
system will cooperate in the task. 
The cooperative simulation and expert system may be 
surrounded by a larger piece of software as in figure 2.2f. 
Each may be a part of a simulation environment or part of a 
large decision support system used directly by decision 
makers. New tools based on both simulation and knowledge-
based methods fall into this category. 
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One of the most important application areas for 
knowledge-based methods is Intelligent Front Ends (IFEs) 
(see figure.2.2g). This is an expert system that sits 
between a simulation package and a user, generates the 
necessary instructions or code to use the package following 
a dialogue with the user, and interprets and explains 
results from the package. Simulation program generators 
perform some of the functions of IFEs, although they do not 
actually execute the simulation and interpret the results 
[ 3 2] • 
Useful intelligence includes: 
* Dialogue handling (a natural language interface or at 
least user-directed free format input) . 
* A model of the target package, so that some decisions 
can be made by the IFE rather than referred to the 
user. 
One such attempt at combining expert systems and 
simulation is made present work, to develop a knowledge 
based simulation to control the weeds attacking the crops. 
The expert system here sits between the simulation package, 
called 11 CHEMRANK11 , and the user, generating necessary 
instructions, getting the necessary conditions to run the 
software through a dialogue with the user. Section 2.8 
gives an explanation about the use of the system. 
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2.9. Knowledge Base Simulation System for 
control of weeds 
In the present work, an attempt is made to explore this 
knowledge based simulation technique applied to find the 
herbicides to control weeds attacking the crops and the 
effect of these herbicides on ground water. The knowledge 
based simulation model is divided into three phases. This 
is depicted in figure.2.3. As explained in the figure, 
phase-1, consists of selection of herbicides based on 
certain input conditions from the user. Also, based on the 
herbicides selected and the soil chosen by the user, the 
soil properties, recharge rate, and the herbicide properties 
are passed to the simulation package. 
Phase-2 consists of running the simulation package to 
rank these herbicides based on the attenuation factor 
method, as explained in section.4.3 of chapter IV. Phase-3, 
consists of the analysis of the ranks obtained by simulation 
and presenting the same to the end user. It also, tells the 
user, whether or not a second application of herbicides is 
required to control weeds for a given input condition. The 
different parameters involved in selecting the herbicides, 
the parameters involved in ranking of these 
herbicides, and the analysis of the results are explained in 
chapter IV. 
As seen from the figure 2.3, the present system here is 
termed as Intelligent Front End System. Because, the expert 
system here sits between the simulation package, called 
29 
SIMULATION PACJCAGE: "CJIEMRANK" 
Required Input: 
- herbicides to be ranked 
- soil properties 
- properties of herbicides 
- recharge rate 
Intelleqent front end system 
- to select potential herbicides to 
control weeds; generate necessary 
instructions, gets necessary conditions 
to run the simulation package, interprete 
and explains results. -
USER: 
- wants to know the type 
of herbicides that can 
be used to control the 
weeds attacking crops, 
and the effect of using 
these herbicides. 
Figure.2.3. Intellegent front end system to 
select herbicides. 
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"CHEMRANK", and the user, generating necessary 
instructions, getting the necessary conditions to run the 
software through a dialogue with the user, and interprets 
and explains results obtained from the simulation package. 
The need to develop this expert system can be attributed to 
the following functions: 
- static analysis: As the stated goals do not involve any 
time dependent information. 
- mathematical analysis: several mathematical models are 
used to reach the goal ( these models are explained in 
chapter IV ) . 
- diagnostic analysis: The output of these models are used 
to determine the herbicides that can be used to control 
the weeds. 
As described in Chapter IV, we use different 
mathematical models to simulate the rate at which herbicides 
would leach past the soil to affect the groundwater. 
Different mathematical models used for simulation are 
presented in section 4.3 of chapter IV. The simulation is 
carried out to compute the rank of the herbicides. These 
models namely the attenuation factor method and the 
retardation factor method have been used to simulate the 
rate at which herbicides would leach past the soil. The 
simulation model used is called "CHEMRANK" (8]. 
In the present work, this simulation package "CHEMRANK" is 
modified so that the necessary input for its running is 
obtained from the expert system. 
Some of the input parameters required to run "CHEMRANK" 
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are the type of soil, soil conditions, name of herbicides, 
properties of herbicides, recharge rate and so on. 
Originally, these input parameters are obtained through an 
interactive menu-driven techniques, allowing the user to 
select these parameters. The simulation performs the 
analyses of these herbicides based on both the attenuation 
factor method and the retardation factor method. 
However, in the present work the following 
modifications are carried out on this simulation package. 
First, changes are made to the interactive version of 
"CHEMRANK", so that the necessary conditions to run the 
software are obtained from the expert system through a 
dialogue with user, and based on several rules. For 
example, instead of asking the user ~he type of herbicides, 
these herbicides are selected by the expert system based on 
type of crop, type of weed, weed conditions, and the field 
conditions. These modifications and the different ways to 
get the necessary conditions to run the simulation package 
are explained in section 4.2 through 4.3 of chapter IV. 
Second, instead of using both the mathematical models 
to rank herbicides, as in the original version of 
11 CHEMRANK", only the attenuation factor method is used. the 
present work. The attenuation factor model is explained in 
the section 4.3 of chapter IV. 
The attenuation factor method is used in computing the 
attenuation factor for each of the herbicides. The KBES, 
carries out the analyses to rank these herbicides. The KBES 
also interprets these results and present the user with the 
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results of the analyses. The KEBS computes the rank based 
on the fact that the larger the fraction of herbicides 
leaching past the specified soil depth, the greater the 
potential for the groundwater contamination. The analyses 
carried out by the KBES are explained in section 4.4 of 
chapter IV. 
The knowledge base in the present work contains all 
the necessary control structure to select the potential 
herbicides for weed control in peanuts. 
Although, the knowledge based simulation system 
presents lot of advantages in improving the analysis carried 
out, still there are some limitations, as described below. 
2.10. Limitations of combining Expert systems 
and simulation 
Some of the limitations of combining expert systems and 
simulations are given below. 
- Interpreting knowledge about a system and it's 
performance is difficult. In other words, although a 
person is aware of the behavior of a particular system, 
he may not be able to interpret the same in the KBSS. 
Also, an expert's understanding about a system performance 
may change constantly and grow, as new situations are 
encountered. These new ideas have to be incorporated as 
knowledge into the knowledge based simulation system. 
- It is easy to take the best expert systems available 
and assume that since it can solve complex problems, it 
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can obviously solve the lighter ones. But, this is not 
always true, since such expert systems often use a very 
complex way to solve a simple problem. 
The complexity of a knowledge base in most of the cases is 
directly proportional to the complexity involved in 
sim~lating a process. A user who intends to learn this new 
simulation will have to undergo tedious efforts to 
interpret the knowledge base also, which is in no way 
related to his field. 
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CHAPTER III 
THE CXPERT SHELL 
3.lo Introduction 
In this chapter, the features of exPERT shell are 
presented, including a description about the different ways 
of using the shell in the development of an expert system 
and different ways to represent domain knowledge. Finally, 
an evaluation of the exPERT shell is presented. 
3.2. Development Environment and Cycle 
The exPERT shell allows expert system developers to 
develop their expert system in a highly modular manner, 
while allowing procedural functions to be written in C and 
be invoked from the knowledge-base environment [6]. This is 
made possible by the exPERT shell's property of being 100% 
compatible with c. The developer is also allowed to embed 
knowledge bases into existing C applications. Thus, the 
knowledge base of an expert system, could be encoded by 
using the Knowledge Representation Language (KRL) of the 
exPERT shell, andjor the C language. Further, it is not 
necessary to encode the entire knowledge about the problem 
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domain into one knowledge base module. The knowledge can be 
divided into several knowledge base modules to suit the 
natural division of the knowledge. It is necessary for all 
these knowledge base files to have an extension of ".kb". 
These knowledge-base modules can be developed using any text 
editor. 
These knowledge-base modules can then be translated 
into e source code using a exPERT utility program for later 
compilation. Any syntactic errors in representing knowledge 
using the KRL would be enumerated at this stage and would 
have to be corrected. If the syntax check is successful, 
the knowledge bases are translated into e source files, 
compressed knowledge bases , and if required, header files. 
These e files are then compiled by including the header 
files of all the knowledge base modules. It is possible 
that during compilation, the compiler may detect some 
additional errors not found by the syntax checker. If so, 
appropriate corrections have to be made in the knowledge-
base modules. 
The final step involves the linking of the object 
modules with exPERT support libraries in order to get the 
executable version [6]. 
Executing the application program is done in exactly 
the same manner as any other e program. No additional 
software is required to run the executable version. 
However, during the execution, all the application's 
compressed knowledge base files (.kbc) must be available. 
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3.3. Knowledge Representation using exPERT shell 
The knowledge about the problem domain is represented 
using the exPERT shell's Knowledge Representation Language 
(KRL) and e constructs. The KRL consists of attribute 
definitions, frame and slot definitions, advise statements, 
procedures and rules [6]. The KRL constructs used in the 
present work are briefly described in the following sub-
sections. 
3.3.1. Attributes 
Attributes are one of the methods for representing 
knowledge, provided by exPERT shell. It is a method of 
defining a characteristic of an object. An attribute's 
instantiation can be controlled as per the developer's 
requirement, that is, either through rules, procedures or 
advise statements. The instantiation of an attribute can 
lead to procedure calls, querying the user, or firing rules. 
An example of an attribute, whose syntax is typical of all 
attribute definitions, follows 
ATTR 
ATTR 
ask 
explain 
values 
endattr 
integer height 
What is your height in inches ? 
In order to develop a complete profile of you. 
all 
a keyword which identifies the start of an 
attribute definition. 
integer is one of the seven attribute types, the other 
types being long, float, double, logical, phrase 
and menu. 
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height 
ask 
explain 
values 
endattr 
label of the attribute. 
a keyword which identifies the query to be 
displayed to the user. 
a keyword which identifies the explanation 
displayed to the user. 
a keyword which identifies the values the 
attribute can hold. 
a keyword which defines the end of attribute 
definition. 
3.3.2. Procedures 
exPERT procedures correspond to C functions and are 
invoked in the same manner. They identify code which has 
been written in exPERT KRL and which needs to be translated. 
Procedures allow the developer to break the code comprising 
the knowledge into several small parts which are easily 
referenced. The syntax of the PROCEDURE statement is as 
follows : 
PROCEDURE name(argument, ... ) 
argdcl, ... 
begin 
body of the procedure 
endprocedure(returnval) 
PROCEDURE 
name 
argument 
argdcl 
begin 
a required keyword. 
is the name of the procedure. 
is an optional C coded ·argument or arguments. 
are the C coded declarations for any defined 
arguments. 
a required keyword which must follow the 
PROCEDURE statement or any optional argument 
declarations. 
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body of the procedure is the exPERT KRL and e code 
that makes up the procedure. 
endprocedure a required keyword indicating the end of a 
procedure. 
( returnval) is an optional return value from the 
procedure. 
exPERT requires that there be a procedure named 'main', 
in every expert system developed using exPERT. 
3.3.3. Advise Statements 
An advise statement is used to present to the user any 
textual description. The advise statement can either be 
directed to a hyperwindow (as explained in Sec.3.5), to a 
file, to a printer or to any combination of the above three. 
If the name of the hyperwindow is not given, then the advise 
statement directs the text to the default consultation 
window. It is also possible to direct the test to a 
particular location in the window. The values of e 
variables, exPERT attributes and slots can be displayed 
using the advise statements. The syntax for the advise 
statement is as follows : 
advise linenum 11win name11 (filename,printflag) 
Body of the advise statement 
endadvise 
advise 
linenum 
win name 
is a required keyword. 
is an optional integer value which controls 
output to the screen. 
The name of the window to which advise is to be 
directed. It is specific only to HyperWindows. 
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filename Name of the file to which advise needs to be 
directed. 
printflag: An integer ( 0 or 1 ) which indicates whether or 
not advise text is to be directed to the printer. 
Body The text to be directed. 
endadvise: A required keyword indicating end of advise 
statement. 
3.4. Rules 
Knowledge about the problem domain can be coded as 
nested IF-then-ELSE rules. Rules can be used in procedures, 
attribute definitions, or slot definitions. exPERT does not 
limit the content or the complexity of either the antecedent 
or the consequent of the rule. exPERT supports an optional 
textual description of the rule. While processing a rule, 
exPERT will process only as much of the antecedent as is 
necessary. The structure of a typical rule is given below: 
rule 
rule 
textual description 
endrule 
IF cond then 
body of then 
end if 
ELSE 
body of else 
endif 
Rules can be used in Procedures, Attributes, 
and Frames. 
textual 
description English descriptions of rules are supported to 
provide a more friendly end user environment. 
endrule 
IF 
A required keyword to end the textual 
description of the rule. It is used only if 
the keyword rule has been used. 
IF/endif are required keywords marking the 
40 
cond 
then 
body 
ELSE 
body 
endif 
beginning and the end of the rules. 
Some conditional e expression which evaluates 
to true or false. 
It is a required keyword. 
It is a e statement/statements executed when 
the IF is true. 
ELSE is an optional keyword which has the same 
function as a e else. 
It is a e statement/statements executed when 
the IF is false. 
It is a required keyword. 
3.5. User Interface 
exPERT provides several interface options to the user. 
The most common among them are the hyperwindows. 
Hyperwindows are used to display textual information and/or 
to support hypertext. exPERT has 9 default windows and 
additional windows can be created using a exPERT window 
generation utility program. It is also possible to create 
the windows at run time. The user can also modify the 
window attributes (like size or color of the window) to his 
liking any time he wishes. The text directed to a window may 
be of any length and may contain references to exPERT 
attributes or C variables. If the system detects that the 
user is not presented with the entire text, it automatically 
sends a message informing the user that additional text is 
pending. The user can thus view the remaining part of the 
text. 
Several pre-defined functions of the exPERT, such as 
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help, why, quit, and error functions can be invoked by the 
use of some special keys on the keyboard. The different 
special keys and the predefined functions they invoke are 
presented in APPENDIX-C. The developer can redefine these 
special keys to invoke other functions from the keyboard 
[6]. It also allows the developer to invoke any exPERT 
procedure, any user-defined C function or any C library 
function. For example, a database or spreadsheet applica-
tion may be integrated into the application. 
In case the user gives an invalid answer to a question, 
the Expert System would display an error message and allow 
himjher to modify hisjher response. The user can also quit 
the consultation any time he wishes. 
3.6. Features of exPERT system shell 
The salient features of the exPERT system shell are as 
follows : 
a. Intermix of procedures written in C language; 
b. Simple syntax at the shell level, which makes 
system development easier; 
c. No prior knowledge of c language or syntax of the 
exPERT knowledge representation language; 
d. All the knowledge base, rules, procedures etc., 
written using exPERT syntax are converted into the 
C language as explained in the previous section; 
e. Since, the final code is compiled using either 
Microsoft c, Turbo c, or Lattice c, the executable 
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I 
version which is created is portable on any of the 
IBM compatibles; 
i 
I 
(test runs are made on IBM compatibles). 
f. Easy way to create hyperwindows and hypertexts. 
g. Hiding sensitive rules so that they do not form a 
part of an explanation given to a user when the 
user wants to know why a particular question is 
being asked, or how a particular state has been 
reached. 
The exPERT development cycle is depicted in Figure.3.1. 
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Executable 
Program 
CHAPTER IV 
DEVELOPMENT OF THE EXPERT SYSTEM 
4.1. Introduction 
The aim of this work was to develop an expert system 
that would interface with a simulation package and help the 
user to select herbicides to control weeds attacking the 
user's crops, based on economical and environmental 
considerations. The major design issues which were 
considered while developing this hybrid expert system were 
maintainability, expandability, and portability. 
Thus, it was decided to keep a majority of knowledge in 
the form of facts about the problem domain separate from the 
knowledge base (consisting of rules and some facts). 
For the purpose of a shell, exPERT was decided upon, 
since it has an easy interface with C language, thereby 
making the development of the expert system easier. 
Following decisions were made in the development 
process: 
- Since the crop data file was quite small, a 
sequential search for the user specified weed 
and field condition in the specified crop's data 
file was deemed sufficient. The crop data file 
45 
consists of crop name, weed number, weed name, 
the type of herbicide that can be used to 
control the weed, field condition, and the 
percentage control. 
- If the user decides to update the cost database, 
since total number of herbicides whose cost to 
be updated can vary for different weeds and 
field conditions, a linear linklist is used to 
store the information. The cost data base 
consists of two fields. They are the weed 
number and the cost per gallon of the herbicide. 
- Since the soil data file was large, an index 
file for this soil data file with the soil index 
and the byte offset as two fields is created. 
This is designed in such a way, that each time a 
user introduces a new soil, the index file has 
to be updated using a separate module written in 
c language. 
- A binary search on the index file is carried 
out, based on the soil identifier. The 
corresponding byte offset is used to move the 
file pointer and read the soil properties. 
- The cost computation for the combinational 
herbicides are carried out separately. This is 
necessary, because, at the time of development 
of this expert system, rules are not available 
to compute the cost of the combinational 
herbicide. Computing the cost separately makes 
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the future development easier. 
The Expert System development consisted of three phases 
which are described in the following sections. 
4.2. PHASE - 1 of the Expert System development 
PHASE - 1 of the expert system development, as depicted 
in figure 4.1, consists of the following four functions : 
* Knowledge acquisition; 
* update the Cost Database; 
* Get the Weed name; 
* Select the potential herbicides. 
The knowledge acquisition for the present work is 
depicted in the figure 4.2. As explained in the figure, 
rules are obtained from experts in this field [14]. The 
knowledge base is developed from these rules. 
The information about the type of crop, weed name, and 
the soil texture is obtained from the user through the 
queries. The weed names are presented to the user as a 
menu, where the user selects the appropriate weed by 
entering the number corresponding to the weed name attacking 
hisjher crop. A typical menu screen for the weed selection 
by the user is given in figure 4.3. 
Next, the user is given an opportunity to update the 
cost database. If the user does not want to change the cost 
database, he can respond to the system by saying "NO". 
However, if the user wants to update the cost data base, 
then the possible herbicides for the control of the weed as 
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specified by the user, are first selected. This is done in 
order to allow the cost updating of only those herbicides, 
which are selected based upon the weed and the field 
condition specified by the user. 
After getting the information from the user about the 
changes to be made in the cost database, the system displays 
several queries to get information about the crop, type of 
weed, field conditions and so on. Based on the weed name, 
the weed number is obtained from a data file. The program 
is implemented keeping in mind the possibility of 
introducing new weeds. Suppose, new weeds are to be 
introduced, this can be achieved just by adding the name of 
the weed in the knowledge base in which the weed's 
attributes are defined. All the weeds are presented to the 
user as a menu, from which the user is asked to select the 
weed attacking his crop. Based on the weed, the selection 
of different herbicides is done by reading the herbicide 
database. The herbicide cost database consists of weed 
names, herbicides that can be used to control the weeds, the 
percentage of control, and the type of application desired. 
Different herbicides can be used to control the same weed. 
Depending upon the choice of weed, the program selects all 
those herbicides that can be used to control that weed. 
Since certain herbicides can be used only in particular 
field conditions, field condition is used as one of the 
parameters to determine the correct herbicide(s). 
The field condition value is set based on the following 
conditions: 
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a. If the crop is not emerged then the field 
condition value is set to 1. 
b. If the crop is planted and weeds are not 
emerged, then the field condition value is set 
to 2. 
c. If the crops and weeds are emerged, and weed 
age is less than 6 days then the field 
condition value is set to 3. 
d. If the crops and weeds are emerged, and the 
weed age is greater than 6 and less than 13, 
then the field condition value is set to 4. 
e. If the crops and weeds are emerged, and the 
weed age is greater than 13, then the field 
condition value is set to 5. 
The flow chart for the selection of the herbicides 
based on the type of crop and the field condition is given 
in figure.4.4. Initially, the information about the crop, 
weed, and soil texture is obtained from the user through 
queries. The field condition value is set based on the crop 
emergence, weed emergence, and the age of the weeds. After 
setting the field condition, the soil texture is obtained 
from the user through the menu. The soil texture is 
required in order to compute the herbicide rate. 
If there are no herbicides corresponding to the weed 
name and the field condition specified, the system displays 
a message to the user about the non-availability of the 
herbicides. This gives the user the option either 
terminating the session or changing the field condition. 
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Query User 
Enter the Crop 
Query User 
Enter the weed 
Query User 
Enter weed age 
fn_select() 
<y> 
Set fleld_cond•llon=2 
Set faeld_cond•llon=3 
Set faeld_condltaon=4 
Query User· 
Enter the sotLtexture 
Set f•eld_condllon= 1 
Set fleld_cond1t1on =5 
Figure.4.4. Flowchart for function fn_select(). 
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The modules for selection of the herbicides are written in c 
language. Instead of having the herbicides as part of the 
knowledge base, a separate modular C code is developed. 
This is done in order to make the expert system more general 
in handling different types of crops. By replacing the 
current database by a database of different crops, it is 
possible to run the system without any further change. 
However, if the knowledge about all the herbicides 
corresponding to a particular crop had been embedded in the 
knowledge base and if each time a new crop had to be 
analyzed for the control of weeds, it would be necessary to 
embed the knowledge about the crop. This would result in 
making the system more complex and the generality obtained 
would be lost. 
Variables for the stress conditions are set based on 
the information obtained from the user based on the weed 
conditions such as, if the weeds are actively growing, or if 
the weeds are stressed etc. Stress conditions variables are 
required, in order to enable the program to decide if a 
second application of herbicides is required to control some 
of the weeds. For example, stress conditions (hot,dry) will 
reduce the effectiveness of broadleaf herbicides Basagran, 
Blazer, and Storm. If grasses present are undergoing severe 
moisture stress, then post emergence herbicide Poast should 
not be used. Also, if the weeds are emerged for more than 
13 days, weed control may be reduced even with the suggested 
herbicides and a repeat application may be required. 
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4.3. PHASE - 2 of the Expert system development 
After selecting the herbicides, the soil name is 
obtained from the user through the menu. Since it is 
difficult for the user to select soil names correctly, it 
was decided to present the user with all the soil names and 
then allow the user to select the soil from the menu. A 
typical menu screen for the soil identifier is given in 
figure 4.5. Based on the soil selected, properties 
pertaining to the soil are obtained. In PHASE - 2, the 
system initiates the Simulation program in order to rank the 
herbicides selected by PHASE - 1 based on their effect on 
ground water. This is done by using a simulation package 
called "CHEMRANK" [8]. Two schemes are supported by this 
software to rank the chemicals [8]. They are: 
* Retardation Factor (RF) 
* Attenuation Factor (AF) 
Presently, only the Attenuation Factor method is used 
to simulate the ranking of the selected chemicals. 
Attenuation Factor (AF) is an index which gives the fraction 
of the applied amount of chemical that is likely to leach 
past a specified soil depth. It is assumed that the larger 
the fraction of chemical leaching past the specified depth, 
the greater is the potential for groundwater contamination 
[8]. The relative amount of chemical passing through the 
soil in time t 1 is given by 
M1 I M2 = exp (-k 1 * t 1 ) ----------------[4.2a] 
where M0 and M1 are the mass of chemical at the top and 
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bottom of the soil, respectively, and k 1 is the degradation 
constant. In this simple case the attenuation factor and 
degradation constant are respectively given 
AF = exp(-k1 * t 1 ) -----------------[4.2b] 
ki = o. 693 1 half-lifei 
where half-lifei is the half life of the chemical in 
layer i. 
For a soil with multiple layers having different 
degradation rates or travel times, equation 4.2a can be 
applied to each layer. If MN represents the mass moving out 
of the bottom layer N, then 
and the attenuation factor is given by 
AF = exp ( -k1 *t1-k2*t2- •••• -kN*tN) ------ [ 4. 2d] 
Equation 4. 2d fo.rms the basis for calculating the 
attenuation factor for layered soils. For a layered soil, 
the time required to move through N layers to the depth of 
interest is the sum of the times required for each layer. 
If di, i=1,2,3, ... ,N, represents the depth of the bottom of 
each layer and d 0 = 0, then the time, ti, required to move 
through layer i is given by 
t. = (d. - d. 1) * RF. * OFC" I q. 1 1 1 - ' 1 1 1 --------[4.2e] 
where OF~ is the field capacity for the layer i, qi is 
the recharge rate through layer i, and RFi is the 
retardation factor for layer i. The recharge rate is assumed 
to be constant for all the layers. RFi is given by the 
following equation. 
RF = 1 + (rho*Kd +(f- OFc)*Kh)IOFC 
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---------[4.2f] 
where rho is the bulk density of the soil, f is the 
porosity of the soil, OFc is the volumetric soil-water 
content at the 11 field capacity", Ko is the partition 
coefficient for the chemical in the soil, and Kh is the 
dimensionless Henry's constant for the chemical [8]. 
Depending on the Attenuation factor (AF) ranking of 
these herbicides is carried out. In ranking the selected 
chemicals it is assumed that larger the fraction of 
herbicides leaching past the specified depth, the greater is 
the potential for the groundwater contamination. 
4.4. PHASE - 3 OF the Expert system development 
In PHASE - 3, the. system assigns rank to each of the 
herbicides selected, based on the value of the attenuation 
factor. It displays to the user the ranking of the 
herbicides, the quantity of herbicides to be used, and the 
total cost of the herbicides. Also, if the user wants a 
rerun, the attributes presented by the user is displayed, 
allowing himjher to make changes. 
Finally, the system enquires if the user is interested 
in either storing the results of that particular session in 
a file or to have a hardcopy of the results. 
4.5. Implementation of PHASE - 1, PHASE - 2, 
and PHASE - 3 
The implementation of PHASE - 1 was carried out as 
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follows: 
Initially, the database containing the crop name, weed 
number, weed name, type of herbicides, field condition, and 
the percentage of control rating was created. In the 
present work, the system was tested only with the data for 
the crop 'peanuts'. In order to maintain the readability of 
the database, a fixed length record with fixed length field 
was decided upon. 
After the database was created, the knowledge acquired 
from the experts[7,14] was represented using exPERT shell 
syntax. In order to select the weed name, a menu was 
presented to the user as shown in the figure 4.3. The 
information necessary to select different herbicides is 
obtained by the user, through some rules which are fired 
according to the user response. Based on the information 
provided by the user, such as weed name, field condition, 
and soil texture, herbicides are selected. The procedure 
for selecting herbicides are written in C language. Testing 
of PHASE - 1 was carried out as follows. 
First several runs were made to identify the problems 
incurred during the development process. For example, when 
the field condition is 5, only a few herbicides are 
available. That is, herbicides may not be available for 
certain weeds under certain field conditions. One solution 
for this problem is to terminate the session, informing the 
user that no herbicides are available to control the weed 
for the given field condition. A second and more 
appropriate solution is to ask the user to change certain 
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conditions. Also, if the user is not able to decide about 
the field condition, then certain rules are developed to set 
the field condition which are explained in the section 4.1 
of this chapter. 
PHASE - 2 consists of modifying the simulation package 
"CHEMRANK," developed inC by Nofziger et al. [8], to suit 
the present work's requirement. In CHEMRANK, it is required 
that the user selects the ranking schemes of interest, 
specify the herbicides to be included for ranking and their 
properties, soil and several other properties [8]. These 
are carried out in CHEMRANK through the use of menus. 
However, in the present work, the selection of herbicides, 
the properties of herbicides, selection of the soil and 
their properties are selected by the expert system through 
the use of several queries and rules. Changes are made in 
CHEMRANK so as use the parameters obtained by PHASE - 1. 
The following modifications are carried out on CHEMRANK: 
-In order to select the soil, different soils are 
presented to the user as a menu, and the user is asked 
to select the soil identifier corresponding to the 
soil. Based on the soil selected by the user, the 
soil properties are read from the soil database. The 
soil database developed by Nofziger et. al. [8] is 
retained. 
-From the PHASE - 1, selected herbicides are passed to 
CHEMRANK to compute their ranks. 
-Though CHEMRANK computes the ranks of the herbicides 
based on all the methods such as the attenuation 
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factor method, retardation factor method, travel time 
from CMLS and so on, the simulation is reduced to only 
the Attenuation factor method in the present work. 
PHASE - 3 is essentially a post processing operation. 
This is implemented using exPERT shell syntax. This 
involves displaying the results such as ranking of 
herbicides, their control rating, cost of individual 
herbicides, and the total cost of combinational herbicides. 
Queries are also made to check if the user wants to have a 
rerun with changes in any of the parameters. The program 
also allows the user to store the results or to make a hard 
copy of the results. 
4.6. operation of the Expert system 
The flowchart for the operation of the expert system is 
given in figure 4.6. 
The expert system is started by querying, if the user 
wants to select the herbicides and rank them, or if the user 
wants to select the herbicides, update the cost database, 
and rank the herbicides. If the user decides for the later 
one, then the herbicides are selected, based on certain 
input conditions, as explained in section 4.1 of Chapter IV. 
The selected herbicides are presented to the user along 
with their present cost. The user is asked to select the 
herbicide for which the change in the cost is to be made. A 
second chance is given to the user to confirm the changes 
made to the cost of the herbicide. After getting the 
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approval from the user the cost database is updated. 
Otherwise the original cost database is retained. 
The selected herbicides are passed to the ranking 
package ("CHEMRANK") along with their properties. Several 
queries are made to gather information about the soil, their 
properties etc. After ranking the herbicides, a display of 
rank of herbicides, control rating, and the cost of 
herbicides are displayed to the user as shown in figure 4.8. 
Queries are made to the user to determine whether to 
rerun or end the session. If the user wants a rerun, then 
the parameters which are used to select the herbicides, and 
the parameters which are used to rank the herbicides are 
presented to the user. Queries are made, which allows the 
user to change any of these parameters. 
Before ending the session, query is made to the user to 
see if a hardcopy of the results is required. 
A typical session of ,the operation of the expert system 
is given in APPENDIX A. 
The hardware requirement for this expert system is 
given in APPENDIX B. 
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CHAPTER V 
RESULTS 
5.1. Introduction 
This chapter lists out the conclusions made about the 
working of the expert system. Also, an explanation about 
the future developments those can be carried out, are 
listed. 
5.2. Conclusion and Scope for future work 
Based on several test runs with human experts 
[7,14], the following conclusions are made: 
- Use of exPERT shell is definitely a positive 
step in bringing together the power of 
Artificial Intelligence and the flexibility of 
the C language. 
- Combining the techniques of Simulation and 
Artificial Intelligence, results in a more 
realistic approach to the problems. 
- Test runs were made on different IBM 
compatibles; it was observed that, by having an 
executable version along with the exPERT shell 
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file "CxPROC.KBC", it is possible to execute the 
program. 
- The expert system gave a good estimate for the 
ranking of the herbicides. 
- Since the knowledge about the different crops 
was read from a file, the same expert system can 
be used for different crops. So, it is 
justifiable to have the knowledge about each 
crop in a separate database. But, care should 
be taken to have a similar format of all data 
bases. 
5.3. Scope for the future work 
- The present work was aimed at developing an 
expert system to handle a single weed. The same 
system can be developed to handle multiple weed 
problems. 
- In many conditions, for an identified field 
condition, herbicides are not available. Since 
field condition is one of the main parameters 
used to select herbicide, some more analysis in 
the selection of field condition will help in 
the improved analysis. 
- Many times, when different herbicides are 
selected, the rank and the control rating 
assigned to the herbicides by the expert system 
remains the same. So the user is given an option 
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to select one of the herbicides. Use of other 
methods like retardation factor, travel time 
from CMLS to assign rank to herbicides will help 
in narrowing this to a particular herbicides. 
In other words, some more rules can be used to 
assign the ranks. 
- In case of multiple herbicides, it is assumed 
that all the herbicides will be used in the same 
quantity. Instead, one can think of a different 
rule to handle the above stated condition. 
- Only one ranking scheme based on the attenuation 
factor is considered. Other techniques to rank 
herbicides such as, retardation factor, travel 
time from CMLS should be considered. 
- A separate system level program would help the 
expert system to adapt to the different 
architecture. 
- Only combination of two herbicides are 
considered. Combinational herbicides of more 
than two should also be considered. 
- The confidence level of the analysis carried out 
by the expert system can be increased by taking 
into consideration the psychological factors 
involved in interfacing with the end user. One 
of the factors that could be considered is to 
consider the possibility, that the end user have 
some herbicides in mind to control the weed 
attacking the crop. Analysis can be carried out 
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on the herbicidej(s) presented by the end user. 
Later a comparison can be made between the 
herbicides selected by the expert system and the 
herbicides presented by the user. 
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APPENDIX A 
A SESSION WITH EXPERT SYSTEM 
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~enut--------------------------------------------~------------1 
II 
1 SELECT HERBICIDES 
2 SELECT HERBICIDES, UPDATE COST DATABASE 
ENTER YOUR CHOICE :2 
Fiqure a2. Query is made to the user, if the user wants to 
update the cost database and then select the 
herbicides, the user has to enter 2, else if only 
selection of herbicides are required, the user has 
to enter 1. 
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II 
~onsultatio~h------------------------------------------------------------, 
ERROR - Press Esc to close windo,w=======~ 
You have entered an illegal value: 
You must enter yes or no 
y or n are acceptable 
Eery _::" THE CROP peanuts BEEN PLANTED ?1 
Fiqure a3. Query is aade about the crop. This is required to 
fix the field condition. If the user enter an illegal 
value, as shown in the consultation window, then the 
system automatically informs the user about the legal 
values to be used. This is handled by the error 
function. 
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I 
endif 
IF crop_planted ~ 0 then 
put(1,field_condition) 
ELSE 
IF crop_planted == 1 && weed_emerged == 
put(2,field_condition) 
0 then 
ELSE 
IF crop_planted == 1 && weed_emerged == 1 && day_weed < 5 th 
put(3,field_condition) 
ELSE 
IF crop_planted == 1 && weed_emerged == 1 && day_wee 
put(4,field_condition) 
ELSE 
IF crop_planted == 1 && weed_emerged == 1 && 
put(S,field_condi~ion) 
f~cy ~VE THE ~-------------------------------------------------------------------~ 
WEEDS EMERGED ?y 
Figure a4. The user can get an explanation about why a query is 
being made or a decision is being taken. This can be 
obtained by pressing the default key F3 as shown in 
figure. 
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.wh.l 
end if 
IF crop_planted == 0 then 
put(l,field_condition) 
ELSE 
IF crop_planted == 1 && weed_emerged == 
put(2,field_condition) 
ELSE 
IF crop_planted == 1 && weed_em 
put(J,field_condition) 
ELSE 
IF crop_planted ~ 1 && 
put(4,field_conditio 
ELSE 
IF crop_planted 
-
HAVE THE fuery WEEDS EMERGED ?y 
L_ ______________________________________________________ _ EJ 
Fiqure as. This fiqure explains how the size of a window can be 
changed. This can be achieved by using the default key 
FS. When this key is pressed, it gives the type of 
operation that can be performed on a window, like 
scrolling the contents of a window, increasing or 
decreasing the size of a window, aoving a window and so 
on. 
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enu--------------------------------------------------------------------------~ 
1 coarse 
2 medium 
3 fine 
uery--------------------------------------------------------------------------. 
WHICH OF THE FOLLOWING CONDITIONS BEST DESCRIBE THE SOIL?l 
Fiqure a6. This fiqure explains how a user can choose the type of 
the soil in his fields. 
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enu1-----------------------------~Explain1==================================~ 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10: 
11: 
12: 
13: 
14: 
15: 
16: 
crabgrass 
texas_panicun 
seed_johnsongrass 
rhiz_johnsongrass 
yellownutsedge 
pigweed 
morningglory 
copper leaf 
prickly_sida 
tropic_croton 
spurge(s) 
eclipta_alba 
cocklebur 
horsenettle 
bermudagrass 
buffalobur 
This is required to get a list of potential 
to control the weeds !! 
uery•---------------------------------------------------------------------------
SELECT A NUMBER FROM THE ABOVE TABLE CORRESPONDING TO THE 
WEED TO BE CONTROLLED ?1 EJ ~-----------------------------------------------------------------
Figure a7. This figure explains ·how a user can choose the type of 
weed attacking his crops. It also shows how to get an 
explanation about a particular query. This can be 
obtained by the default key Fl. 
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~enu--------------------------------------------------------------------~ 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10: 
11: 
12: 
13: 
14: 
15: 
16: 
crabgrass 
texas_panicun 
seed_johnsongrass 
rhiz_johnsongrass 
yellownutsedge 
pigweed 
morningglory 
copper leaf 
prickly_sida 
tropic_croton 
spurge(s) 
eclipta_alba 
cocklebur 
horsenettle 
bermud Explain================================================~ 
buffal This is required to get a list of potential Chemicals 
~-------------------- to control the weeds ~! 
uery--------------------------------------------------------------------------, 
SELECT A NUMBER FROM THE ABOVE TABLE CORRESPONDING TO THE 
WEED TO BE CONTROLLED ?1 ~ 
~--------------------------------------------------------------------~ 
Figure as. This figure explains how a window can be moved. 
Comparing figure a7 and as, it can be seen that the 
explanation window is aoved from the top right corner 
to bottom. This can be achieved by the default key F5 
and the arrow keys. 
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~y--------------------------~===========================~ 
IF rech_rate_known == 0 then 
ruleset2 ( ) 7 
end if 
uery------------------------------------------------------------------------~ 
DO YOU KNOW THE RECHARGE RATE IN METRIC UNITS ?y 
Figure a9. This figure explains how the recharge rate is fixed. 
If the user responds to the query as No, then the 
recharge rate is set based on certain rules, which is 
explained in Chapter III. 
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enu1----------------------------------------------------------------------~ 
1 ADAMSVILLE 
2 ALBANY 
3 ALBANY 
4 ALPIN 
5 ANI<ONA 
6 APALACHEE 
7 APALACHEE 
8 ARREDONDO 
9 ARREDONDO 
10: BASINGER 
11: BASINGER 
12: BESSIE 
13: BESSIE 
14: BLANTON 
15: BLANTON 
16: BLANTON 
VAR SAND 
LS 
SAND 
SAND 
SAND 
CLAY 
CLAY 
FS 
SAND 
LS 
VARIANT FS 
MUCK 
MUCK 
cs 
FS 
FS 
51-68-(1-5) 
S37-2-(1-7) 
S32-38-(1-5) 
S37-23-(1-5) 
S56-27-(1-9) 
S32-35-(1-5) 
S53-4-(1-6) 
51-66-(1-7) 
S1-84-(1-8) 
S64-29-(1-8) 
555-5-(1-6) 
543-7-(1-3) 
S32-34-(1-6) 
S32-41-(1-6) 
S16-14-(1-8) 
S37-7-(1-8) 
uery-----------------------------------------------------------------------, 
ENTER THE SOIL NUMBER FROM THE ABOVE TABLE :32 
Figure a10. This figure explains how a user can select the type of 
soil. It is possible to scroll this screen by the use 
of arrow keys and the PgUp, PgDn keys. 
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onsultation============================================================--===~ 
The following herbicides are chosen to control crabgrass 
The ranking of herbicides is based on the Attenuation 
factor. Higher ranking indicates lower probability of 
herbicides leaching to qroundwater. 
HERBICIDE RANKING CONTROL RATING AVERAGE COST 
qramoxone 
qramoxone+2,4-db 
1 
1 
9@ 3.75 
90 1.88 
rQuery 
I ENTER THE SOIL NUMBER FROM THE ABOVE TABLE : 3 2 
!Press FlO to continue .•••••• 
Fiqure all. This fiqure explains a typical results obtained by a 
session. 
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onsultatio,n=====-===========================================================~ 
a. 
b. 
c. 
d. 
e. 
f. 
The SOIL is 
The CROP is 
The WEED number is 
Weed Emergence 
Field condition 
Soil Texture 
81-86-(1-7) 
peanuts 
1 
true 
4 
1 
r·ry ~ YOU WANT A RERUN<YfN>?y 
Figure a12. This figure explains how a rerun can be aade. It 
allows the user to change only those variables. If any 
variable is changed, all the needed parameters 
associated with those variable is instantiated. 
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HARDWARE REQUIREMENTS 
This section explains the requirements to run this 
expert system. 
- It runs on IBM PC computers/compatibles, including 
XT, AT, and PS/2. 
- Needs VGA card, any 80 column monitor. 
- One floppy disk drive. 
- To run the expert system the following files are 
required: 
CXPROC.KBC 
KEY PROC.TTY 
PESTI.EXE 
COST.DAT 
WEED#.TXT 
CHEM.DAT 
CXPROC.KB 
CXPERT.EXE 
PEANUTS.DAT 
KANS.DAT 
CHEM2.DAT 
SOIL.DAT 
KEY PROC.H 
TTYL.LIB 
HERBI.DAT 
INP.DAT 
CHEMl.DAT 
INP.INX 
- Insert the disk containing these files in drive A. 
- Enter PESTI < hit return >. 
- To come out of the session during the middle of 
execution enter CnTl End and enter Yes. 
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CXPERT FEATURES 
Introduction 
This section explains the exPERT features invoked from 
the keyboard. These features are required in order to get 
several explanations like why a particular query is being 
displayed, what are the associated information, and so on. 
Some of the built in exPERT functions as well as how to 
develop new functions is explained below. 
- Explain function: Whenever exPERT displays a query, 
the user can get an explanation by pressing the 
default key Fl. A typical screen explaining the 
function of Fl key is given in the figure cl. 
- Why function: Suppose the user wants to know about 
why a question is being asked, or a conclusion is 
being made, the explanations for these questions can 
be obtained from why function F3. A typical screen 
explaining the function of F3 key is given in figure 
c2. 
- Error function: Suppose a query is being displayed, 
then if the user responds by entering an illegal 
value, the error function displays the legal values 
those can be used for that particular attribute. It 
is also possible that the developer defines the 
limits of the values that are legal. This is 
explained in section 3.3.1. 
- Help function: Suppose the user wants to know the 
operations on a window for example, like increasing 
the size of the window, vertical scroll, horizontal 
scroll, and so on, this can be obtained by pressing 
default key F4. 
- Change background color function: Background color 
can be changed by using the default key F6. All the 
above said functions can be used during the execution 
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of the program. 
Several predefined keys are available and are explained 
in [6]. It is also possible that the developer can add new 
hot keys into the existing predefined hot keys [6]. For 
example, if a function draw() is to be linked, then draw() 
is to be declared in key_proc.h. This can be achieved by 
the following code: 
extern int draw(); 
If this function draw() is to be invoked by FlO, say, 
then we need to place the function name in the FlO location 
as given below: 
*key_proc[] 
error, /*F7*/ 
do_stats,/*F8*/ 
help, /*F9*/ 
draw, /*FlO*/ 
After making the changes, recompile the main program. 
The new functions can then be accessed from the keyboard. 
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